Background: Gender differences in short-term mortality in acute myocardial infarction (AMI) have been studied extensively, whereas gender differences in long-term mortality and cause of death largely remain unknown. The aim of this study was to assess the long-term risk of all-cause, cardiovascular and cancer death after AMI in women compared to men. Methods: Consecutive AMI patients were enrolled in a prospective registry between 2005 and 2011. Date and cause of death were obtained by linkage with the Norwegian Cause of Death Registry, with censoring date 31 December 2012. AMI patients with ST-segment elevation (STEMI, n = 5159) and without (NSTEMI, n = 4899) were analysed separately.
Background
Several studies have shown a higher risk of short-term mortality after acute myocardial infarction (AMI) in women compared to men [1] [2] [3] [4] , particularly among younger women with ST-segment elevation myocardial infarction (STEMI) [5] [6] [7] . Gender differences in survival are observed also in AMI populations treated with percutaneous coronary intervention (PCI) [8, 9] . In other studies, the adjustment for age, cardiovascular (CV) risk factors and treatment have attenuated or eliminated the excess female risk of all-cause mortality [2, [10] [11] [12] [13] . Thus, whether or not the underuse of evidence-based treatment can explain the higher mortality in women is an unsettled question.
Little is known about gender differences in all-cause mortality during long-term follow-up of AMI patients (>1 year). Furthermore, causes of death are sparsely documented. A recent study found a temporal switch from predominantly cardiac to non-cardiac causes of death after PCI over two decades [14] . Another observational study suggested a high risk of cardiac death immediately after STEMI, but the risk of death from non-cardiac causes such as cancer increased later during follow-up [15] . Still, a prolonged risk of CV events after a myocardial infarction (MI) have been documented [16] , but whether gender differences in causes of death exist during longterm follow-up after AMI is unknown.
The aim of our study was to assess the risk of allcause mortality in women compared to men during long-term follow-up after AMI, and to study whether there are gender differences in CV and cancer mortality.
Methods

Study population
All consecutive AMI patients admitted to Oslo University Hospital (OUH) Ulleval between 1 September 2005 and 31 December 2011 were included in a local AMI registry. Patients were referred to our tertiary centre, with a 24/7 service for PCI, from the region of SouthEastern Norway. The source population and method of registration has been described previously [17] . In brief, all patients admitted to OUH Ulleval alive or with ongoing cardiopulmonary resuscitation and diagnosed with AMI were included in the study. The diagnosis of AMI was based on current international criteria [18] . Patients were categorised as STEMI or non-STEMI (NSTEMI) based on their index electrocardiogram (ECG).
Data collection and variables
Predefined variables were registered into a case report form by the responsible physician during hospital admission. Trained study personnel checked the report form for completeness and errors before entering the data into an electronic database. A cross check against the hospital discharge register was performed monthly and missing patients were included if they met the diagnostic criteria for AMI [18] . In a random control sample of 200 registered patients, we found >95% correspondence between registered data and the patient records, except for two variables with estimated 8% erroneous values in the registry that were not included in the regression analyses. The frequency of missing data was <7% for each variable in the registry, except for the 'smoker or exsmoker' variable with 13% missing values.
Treatment and in-hospital mortality
The decision to perform coronary angiography and PCI was made by the treating physician. Coronary angiograms were registered as normal, with atheromatosis, or with significant stenosis defined as >50% narrowing of the lumen in one main coronary vessel or in multiple vessels (including left main stem stenosis). Relevant inhospital medications and complications, including allcause death, were registered.
Follow-up and cause of death
Date and cause of death was obtained by linkage of the local database with the Norwegian Cause of Death Registry containing vital status throughout 2012. Patients were censored if they were alive at the closing date 31 December 2012. Patients who had emigrated at the time of our analyses were censored at the date of last hospital contact (n = 80). In the competing-risks analysis of cause-specific mortality, patients were censored if alive at 31 December 2012 or if dead by other causes than the cause-specific analysis. Follow-up time was calculated from admission until censoring or death.
The Norwegian Cause of Death Registry has a 98% coverage of the Norwegian population [19] . For all deaths, a death certificate (paper form IS-1025B) with a logical sequence from the underlying to immediate cause of death must be completed by a doctor. A code from the International Classification of Disease (ICD) system is allocated to the diagnoses in the death certificate. Subsequently the underlying cause of death is identified by the IRIS computer program with the Automated Classification of Medical Entities (ACME) module, or by assessment of a professional coder. CV death was defined as death with underlying diagnoses corresponding to the ICD-10 codes I00-I99, cancer death included cause of death with code C00-C97, and death of other causes included all other underlying causes of death.
Ethics
Establishment of the local AMI registry and conduction of the study was approved by the Privacy Protection Officer at OUH. The Norwegian Data Protection Authority and the Ministry of Health and Care services provided concession for data linkage with the Norwegian Cause of Death Registry, with an exemption from the requirement of patient consent. The study was submitted to the Regional Committee for Medical Research Ethics (REK), South-East. However, the need for ethics approval from REK was waived according to national regulations (Health Personnel Act §29b). Data were anonymized before analysis.
Statistical analyses
This was a single-centre prospective cohort study. Only the patient's first admission between 1 September 2005 and 31 December 2011 was included in each cohort, so the patient was the unit of our analysis. As previous studies found an interaction between gender and type of AMI in relation to mortality [2] , we analysed the STEMI and NSTEMI cohorts separately. The primary outcome was all-cause mortality during follow-up, and secondary outcomes were CV and cancer mortality during follow-up.
Differences between women and men in baseline characteristics and treatment were assessed by the Chi-square test for categorical variables and median regression for continuous variables. Odds ratio (OR) of allcause in-hospital mortality in women compared to men was calculated by logistic regression. Kaplan-Meier survival plots were computed and gender differences in survival assessed with the log-rank test. The crude, ageadjusted and multivariate adjusted hazard ratio (HR) for all-cause mortality in women versus men were calculated by Cox proportional hazards regression. Candidate covariates for the Cox model were age, pre-hospital resuscitation, pre-hospital thrombolysis (STEMI cohort only), previous MI, previous stroke, previous revascularisation, previous peripheral arterial disease, prior hypertension, smoking, diabetes mellitus, coronary angiography, PCI, ventricular tachycardia (VT)/fibrillation (VF) >48 h, cardiogenic shock, atrioventricular block 2 nd -3 rd degree, atrial fibrillation, heart failure, antibiotic treatment, gastrointestinal bleeding and in-hospital stroke. Smoking was considered an important potential confounder, and with 10% (STEMI) and 15% (NSTEMI) of values missing, we used multiple imputation with 11 predictors assumed to be associated with the smoking variable. We tested for an interaction between continuous age and gender in the multivariate Cox model for all-cause mortality. We also compared the HRs for all-cause mortality in women versus men stratified by age (<70 years vs ≥70 years), with a Wald test. The proportional hazards assumption was assessed by plotting the estimated log-log survival functions for men and women against time.
The cumulative incidence function for the probability of cause-specific mortality was stratified by gender [20] . We created a stacked cumulative incidence plot to show how the total probability of one was allocated between all competing events in women and men, including the possibility of survival during follow-up. The Fine-Gray model [21] was applied to find the underlying subdistribution hazard ratio (sHR) for competing risks of CV, cancer and other-cause mortality in women versus men during follow-up. The sHRs are not cause-specific hazards, but should be interpreted as a binary increased or decreased probability of cause-specific death when adjusted for covariates [22] . All tests were two-sided and a p-value <0.05 was considered statistically significant. Analyses were performed with STATA 13 (Statacorp LP, Texas, USA). The study confines with the STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) checklist for reporting of observational studies [23] .
Results
Study population
Out of 10 747 registered hospital admissions for AMI, we identified 4899 patients with STEMI (median age 63 years, 25% women) and 5159 patients with NSTEMI (median age 70 years, 34% women) (Fig. 1) . Six patients did not fulfill AMI criteria and 677 re-admissions during the period were excluded. Due to typing error in the identification key, six patients could not be linked to the Cause of Death Registry and were lost to follow-up. Baseline characteristics of the population are shown in Table 1 .
Treatment and in-hospital mortality
Among STEMI patients, women were less likely to undergo coronary angiography and PCI compared to men, although the percentage receiving angiography was high (>90%) in both genders ( In the NSTEMI cohort, women were also less likely to undergo coronary angiography and PCI (Table 2) and less likely to receive treatment with antiplatelets and statins compared to men (See Additional file 1: Appendix Table A1 ). A total of 109/1776 (6.1%) women and 144/ 3383 (4.3%) of men died in hospital (OR 1.47 [95% CI: 1.14-1.90]). Again, the gender difference was eliminated after adjustment (age-adjusted OR 0.86 [95% CI: 0.65-1.13]). In-hospital complications are shown in Additional file 2: Appendix Table A2 .
Long-term mortality
In the STEMI cohort, 318/1214 (26%) of women and 568/3685 (15%) of men died during a median follow-up of 1262 days (25th-75th percentile [p]: 673-1900). Fig. 2 shows Kaplan-Meier survival plots for women compared to men. The unadjusted HR for all-cause mortality was higher in women compared to men (Fig. 3) . After adjustment for age and other confounders, the risk of longterm all-cause mortality was similar in both genders (adjusted HR 1.13 [95% CI: 0.98-1.32]). No gender-age interaction was found (p interaction 0.31).
In the NSTEMI cohort, 631/1776 (36%) of women and 830/3383 (25%) of men died during a median follow-up of 1043 days (25th-75th p: 537-1695, Fig. 2 ). The unadjusted HR for all-cause mortality was higher in women compared to men, but after adjustment for age and other confounders the risk was lower in women (Fig. 3) . No significant interaction was found between continuous age and gender (p interaction 0.052). When stratifying patients into groups <70 and ≥70 years, we found no significant heterogeneity in the association with all-cause mortality (adjusted HR for women versus men <70 years 1.02 [95% CI: 0.77-1.36]; adjusted HR for patients ≥70 years 0.79 [95% CI: 0.70-0.90], p = 0.11). The log-log estimated survival curves for men and women were roughly parallel for both STEMI and NSTEMI patients, thus the proportional hazards assumption was regarded valid.
Cause specific mortality
Among the 886 STEMI patients who died, CV disease was the cause of death in 67% of patients. Ten percent of women and 15% of men who died, died of cancer. Figure 4 illustrates the stacked cumulative incidence of CV, cancer and other causes of death as a function of time and shows the relationship between the competing causes of death. The calculated sHR confirms the ordering of the cumulative incidence function-plot; women with STEMI were at higher risk of CV mortality than men, but the risk of cancer mortality was similar for both genders during follow-up. After adjustment for age, we found no gender differences in risk of CV nor cancer mortality during follow-up (Table 3) . Among the 1461 NSTEMI patients who died, CV disease was the cause of death in 58% of women and 54% of men, while cancer was the cause of death in 12% of women and 17% of men. Figure 4 illustrates the relationship between the competing causes of death in NSTEMI patients. After adjustment for age, there were no significant gender differences in risk of CV mortality, but a nonsignificant reduction of cancer mortality risk in women (sHR 0.76 [95% CI: 0.56-1.03], p = 0.072) ( Table 3) .
In both STEMI and NSTEMI patients the risk of death was highest the first year after AMI (Table 4) . After 1 year, the annual CV mortality rate in STEMI was <2.5% in women and <1.5% in men. In NSTEMI patients, the annual CV mortality rate after 1 year was <4.5% in women and <2.5% in men (Table 4) . Furthermore, annual CV mortality was higher than annual cancer mortality in both genders throughout the follow-up period (Fig. 4 and Table 4 ).
Discussion
In this long-term follow-up of a large AMI cohort, the main findings were: 1) Women with STEMI had similar and women with NSTEMI better long-term survival compared to men, when controlling for age and other confounding factors. 2) There were no significant gender Fig. 2 Kaplan-Meier survival estimates of all-cause mortality during follow-up differences in age-adjusted risk of CV nor cancer mortality.
Long-term follow-up studies after AMI (>1 year) are scarce, but needed. During seven years of follow-up, we show a similar age-adjusted risk of death among women and men with STEMI. A high proportion of both genders were treated invasively, probably contributing to the similar long-term prognosis. These results are in accordance with a recent report from Italy showing similar 1-year mortality for women and men with STEMI [12] . However, other studies of STEMI patients selected for PCI have reported a worse 1-year prognosis in women compared to men, even after adjustment for age and other confounders [8, 9] .
Women with NSTEMI had 18% lower risk of longterm death compared to men, after multivariate adjustment. Lower risk in women was found already after ageadjustment, suggesting that age is the most important confounding factor when comparing long-term survival in NSTEMI women versus men. Our results correspond well with data from Sweden, confirming a 1-year survival benefit in NSTEMI women treated during 1998-2002 [24] , but contradict several previous studies reporting no gender differences in risk estimates of mortality among NSTEMI patients [12, 13, 25, 26] . These studies differ with regard to study population, study period and confounding factors considered, and a comparison is not straightforward. In general, our study reflects contemporary treatment with a frequent use of invasive treatment also in women, and a much longer follow-up than most other studies. Explanations for better long-term survival in NSTEMI women could be awareness of gender differences in presentation and treatment of AMI resulting in equal opportunities for women and men [27] , less extensive coronary artery disease [28] or lower general risk burden compared to their male counterparts [29] . Among NSTEMI women in our study, normal vessels or non-significant coronary artery disease were more prevalent than in men and gender differences in treatment during hospitalization were present. Gender differences potentially exist in complete versus non-complete revascularization, drug prescription patterns, such as duration of dual antiplatelet therapy, drug compliance, and clinical follow-up influencing prognosis. Information about these factors were not available in our study, but should be included in future studies of long-term outcomes in women and men after AMI.
To our knowledge, this is the first study to elucidate the relationship between gender and risk of causespecific mortality in an unselected AMI population. Especially in ageing clinical cohorts, an increased risk of non-CV death could influence the long-term prognosis after AMI. We did not find any significant gender differences in long-term CV mortality after adjustment for age. After 1 year, the annual CV death rate in STEMI patients in our study was low (<1.5% in men and <2.5% in women), but still higher than the annual cancer death rate throughout the follow-up period. Our results correspond to the results from a Danish study of PCItreated STEMI patients (mean age 63 years), finding that cardiac risk beyond 30 days post-STEMI was low (<1.5% per year) [15] . In a recent report from Sweden, AMI patients (median age 74 years) who survived 1 year had a 20% risk of non-fatal MI, stroke or CV death during the next 36 months [16] . These studies along with our results all confirm a long-term risk of CV mortality and a continued need for focusing on secondary prevention measures among AMI patients of both genders.
Our finding of a non-significant tendency towards lower age-adjusted cancer mortality in NSTEMI women compared to men needs further investigation. In Norway and Europe, men experience a higher risk of death from cancer compared to women [30, 31] , and our results could reflect a higher incidence of and mortality from cancer in men diagnosed with AMI. The results of the present study must be interpreted with caution due to few cancer deaths and the relatively short follow-up period in the setting of a non-cancer cohort. Further studies are needed to register the prevalence and type of cancer in AMI patients, and should be powered to evaluate the risk of cancer death competing with cardiac death during long-term follow-up. The strengths of our study is a complete follow-up of unselected AMI patients during a 7-year period. We investigated three categories of cause of death, giving a more detailed description of mortality after AMI. We provide a descriptive analysis that indicate contemporary equal opportunities for women and men treated with AMI. Limitations were that several comorbid conditions, such as cancer, renal disease, dementia, autoimmuneand pulmonary diseases were not registered at inclusion, and may have confounded mortality risk. Heart rate and blood pressure was not registered. Follow-up did not include quality of life or physical performance, which are important measures of outcome after AMI. The causes of death in this study were not determined by autopsy, the gold standard for identifying the cause of death. Finally, this was a single centre study from the largest university hospital in Norway, being a referral hospital for 1.5 million people in Eastern Norway. However, the results are not necessarily generalizable to other populations.
Conclusion
After adjustment for age and other confounding factors, women with STEMI had similar and women with NSTEMI had better long-term prognosis compared to men. There were no significant gender differences in risk of CV nor cancer death during follow-up. After one year, annual risk of CV death in both genders was low, but still exceeded annual risk of death due to cancer. Possible gender differences in long-term risk of cancer death in AMI patients need further investigation.
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